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Thrêë Yëai Revénue Summary;

DeVeloÞment Costs i¡¡r¡,¡ ii,ì, :.; ; i i; ;.; ;ii;

Interna I DeÞeñdêhcies,

Reférences

' . 1¡¡¡¡¡:¿ bioad portfolioiof ieading ed$e technolog
. ... ... .1.. .

llf umina has become a leader

Lifè Scienöés market, maintáining impressive giowthrôverthè Þäst êight years.' lt iS'êstimãtèd thàt bt.
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Product Pipeline

ìllurrìin¿:l'

C¡lrcÉ¡'

By deVelopìng tests'oútliñed in the pipeline, lllumina shall address multiple segments:within thetotal
,molètuläi diagnostic têsting market, facÍlitatìng'ä lãrgér'íhstall baseÍor the,BeadXpress iystem, While
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::söme'of thë sêctörsãppéäi ieiativêiy.srñäll, thei.àióóunt for thè'fástési grðwine seemênts'ín diagnöstiös,::

curréñtly ùnmet laboratory ¡E¿65;



:LátCstaSê d:íagnosis,,'
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. .: . . Routine cancer diagnostics are,c

859t 824;

:56S'
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urrently tomprised of immunoasiaVs ánd' ãnaiysíl of biopsied

refêrred tö as stomach cän
I :: :relätêd iieathi in:thê:world.: ovei 760,000 casês'ärê diägnosed worldwidè and more:thäñ: , ' ..

. , 
: lnstitutê:::While iñcidëncê is highest ih JäÞañ; South Amëríia, Eastern EuroÞê; änd partS öf the :

... . Middle,Eàst,thêiñcidericêöf þroxirrial gãstric'cäncëi(uppëri;tomach): l"iasbeèn'incleaSing'in'ther. '.r :.::
: U,S..duêÞrimäiilyasãrêsultoftheÞtêvalenceöfobes'ityändgäStröêsclphägeat.iefluxdîseasè ::

' : . {GERD), Gästric. cancêi Spreads éasily tö öthêr majoi örgäns; which makeS éaily detectiön änd :

treatment tritical.
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;.u5ing irñmuriohistôchêmicäl stains ánil Molêcúlár tests:in öncology have not yet
:gai ñêd signifieant mãrket þênetration, öf tFiê,tötãl market for routinê:cancer

diägnöstics: Htiwêvêi, with nêw toöli and biomarkeis.àppèaring'iri'thË market, molacula methöds arê'

bêginnÍng to: màkê thèir'wáy into,cäncëi manäEêinênt Althöügh iecent maikêt rêsêái'ch ieþöits''-. .

estimätê thê niolecular oncoiögy mãrket at 5150M With lS%,anhual gröwth to êxceêd S300M by 2A!2,, :

:it is möre likely thätlhe:moletulai'öncôlogy marköt:is closertö:S400Vl when including the reVenueS of,

, ,Tiãde,,SecreUGofimerciä



. òompàniesiuch'ai Gènomic Heàlth änd Miiiäd cénètici who offér theii pióÞiietárV.èäncer tests as a
's'ervice- Genomic Health achíeved revenues.of'$100M in 2008; while Myriad Genetics'achieved:sales:

:exceeding S145M;

.ComÞet¡t¡ùe Advántasè
'With a discovery program that is

.........' ....:. . .. . .. . . .

fócused on: comþrehênsive:geneti
. transcriptome,and methylome analysis, lllumina has the potential to develop,a highly specific diagnostic

test that addresses thê complex¡ties inhersnt in cäncêr. .With,the óost ädvantâges öf Illumina's Genome:

rfor at least öne of the cäncer projects: (demonstráting stiong clinical utiiity); wêr¿ãn ånticipate growth
,with ntarket uptake,and reimbursementalongthê lines of.whatGenomic Health experienced: HoWever,

'it should be iecognized that'this will initially be run through ILM N's CLIA services; which'will base the

price pertest.at:an everâge ofr53,000 (GenomicHealth{s OncoTVÞê Dx is S3)500 per sam'pie; Myriad's

2004 2005 2006

Analyzer, llum n¿ sha be ab e to undertake this discovery progrãm at a fract on of the t me and cost Õf

Gellom¡c Heal th Revenues.. . .:$1.9M s5LM s84M

Est; GM7o

: r:the gene.CYP2D6.with dívêrse diug:¿j5ss¡r¡ón¡,:CVpZCS/VKORCL ásSociãted'with w¿¡rfáiiri m:ëtaböìiSm,r, ; :



and UGT1A1 assoc¡ated with irrenotecan metabolism. Other associations are likely to arise as pharmas

screen new drugs using the ADME core product. The ADME core panel shall include:

tI
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Market Summarv
The pharmacodiagnostics Market earned SsoVl ¡n 2oO7 and is predicted to reach S200M by ZoLo,32o/o

CAGR (Kalorama 2008). According to Parexel's BioPharmaceutical report, pharmacogemomics were

used in 43% of drug clinical trials in 2004 and earned an estimated Sf OOV in 2004, 78% CAGR from 2000

to 2004. They estimate use of pharmacogenomics assays to select participants estimated to respond to

the drug in clinical trial will reduce the trad¡tional 10 to 12year trial duration 30%Io 4O%" down to 3 to 5

years. The top 10 Pharmas have 89 to 2OZ drugs (12ut4 total) in the development pipeline as of March

2007 and 417 drugs are in phase 1. trials,404 are in phase 2,and247 are on phase 3 trials.

The estimated cost of taking a drug through development is >S800M, a major driver of Phamas to adopt

ADME gene analysis to identify safety concerns earlier in the development process and trace adverse

drug reactions back to specific mutations. They will also use the ADM E Core panel to understand

genetics of differential metabolism, especially in phase 2 trials, driving dosíng considerations and to

distinguish responders / non-responders in phase 2 & 3 trials (2O%l to predict likelihood of clinical

success.

As the FDA comes to expect pharmacogenomic data with NDAs, the adoption of products like the

VeraCode ADME Core wíll grow. ln recent months the FDA updated several drugs referencing

pharmacogenetic testing including the package insert for Plavix/clopidogrel referencing efficacy

associationwithCYP2Clgphenotype,andupdatesto theindicationandusageofAmgen'sVectibixand
lmClone.

Competitive Advantase
Key differentiators of VeraCode ADME Core include a precise focus on the content that has been shown

through peer reviewed publications to have clinical utility, The chemistry used in the assay adds an

additíonal layer of specificity, ensuring the appropriate allele is targeted in genes that have homologous

regions. Robust internal controls providing g sample bar-coding and detecting user error add to the

overall quality of this application developed under design control and provided with a specific software

module. The savings in assay time, hands on time and overall assay costs make this product a clear

strong competitor to the DMET assay.

Trade SecreUCommercial ly Sensitive
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rFollow sn þ¡þdúcts tô ADMECóié like ä CYP2Crg âssäywill ôompêtedirectlVwith ¡sw-þlei:moleculäi :l

:diagnostíc platforms líke'Luminex, Autogenomics and Osmetech, butwíll leveragelkey advantages:such
,as price" scalabil ity, specif ic¡ty, ä Rd precision

ADME cómpètitive surnmary :

Custom, No fircd
ADME. Pãiìel iri
dêlelöpment '

Content 184 polyn All ADME

Cor,e

1996 polym,

909o;ADME Coiê
27 polym in CYP
2D6 & 3 iñ 2C1 I.

>99% call rate and
.' ãÒcÜiáöY: :

Target 100%
cöñ\,ersiôñ, >99Õ/o

: acburäcyärid.càlil
rale :

>99o/o call rate,
' >99ùliãccüracii. .

l\¡D soñrare wilh '
ållêlê.óoil\,èrSioh .

RUO soft/vare with '
àllélè côÌrrciËiori

$35 to $50/spl

$2 to $7/SNP :

$200bpl $1.36/SNP $200/spl $6.67iSNP

32 sanr ples <8

hours
24 samples 1 day 24 sam ples /day 96 samples 3-4

hours
Workflow

HOT 2 h¡'s -3-4 hrs 2+ hrs <1hr
B labs perform test >5835 with Asia

Pacific Placêment
96.96 newly

. launched product;
lnstall Base

. l-o

ADME COR

,Est; GMlo

8ú/o 80ù/¡
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HefÞes Páñel {or alternatély - viral infêcti'onsrin nsplañt panel) shall be a multiplex

. . i'¡¡¡5no¡ucleôsis,:viráìmèñ¡ñgitìs,ändinfectionofthenêwbôrn,rTheanalyteiinthilpaneìäiéoihighêSt

ãeaiovirus:(cMv¡ -. 4 r"- uài'òt'itré tierpes:virus family, cMv

mild ìnfection'similar to a'typical côld. ln immune supþiessëd individuals, CMV may iêSult

ín moiê serious:ilineis involvingfever, pneumoniä and other symptoms, ln somË:rará inständei,
r: newborns,may have:Signífiöãnt illness involving nervoús iystem damage; dêVêlöÞinëhtàl

dísordeis, ánd hëaiing löEs; The Mã'ich öf Dimes estimatês that each year, 27,000:þiêþhanf

wömén Wíth primäry CMV and'haVë birthsthät are ät high risk fol'ha*ig newboins with

.. .Epstein-Bärr virùs Ue¡ oi ttre neipes:virus fam
-' :is mononúcleosis (mono). MethödS for diagnosing mon 'ínclude symptöm anälysis; ä comp

¡loóo coùnt,,äno an àntiuody têst,.especiàliy ¡'¡ong ôhii¿rän; ã þercentage:ôf thöse:tested for
'möno wìll have a negátÍve monotest. Amotecular Êdv tèst can moie àðði¡rateÌy''deteimíne:, .

jrI r'imþlênìeniationinISSS;.aþproximätelyfourmillioncäsês:ofvåricellãwereestirñated .to occur . .

nually'in the Ú.S.; iniluding Ll¡00Ë13;500 ho5þitalìzatioñsand L00-150 deaths, Even after:

clinícal symptoms'of chíckenpoi haVebèèn'rèsolvèdrVZV iëmainsdõrmänt in thé neivoüS .'

. ' syCtem of thë iäfëcted pêrsoh..li't ãbôut 10;,20% öf cases,vZV reactívatos lätei in lífe,

'piöducing a diséase known as hèrpes zostet or oshingles'1. Serioui cömplicatiöns include
r' poStheipetio nêurä igia; mêningoencephaiitis ¿:nd ãncephaliti

,: : MâiketSummarv::':.,
Altl'rough the v¡rusês wítnín'ttris se'significarit þubii c healthr probièmi;

I repoftedto'the ü.S. ioc'uñlesstheté:is, ä majoiisolated ö

" publirh"d marketdata, ln the,Emmes'200g vólecularTes

: :âpproiimãtêly L700 fêiênôe ánd pubi

l::,(sineiê àhälite'test); re'perfoimed by
I commeicialized k¡ts:on thö market arê eithei immünóässay:based oi iapid tests''

,:::Tiadg S ecretlGom mercial ly. Sé nsitive :,



l: neägent iype'ü;ed (cõmmêiciâ|,,ASR; Homêbiewi by Analytê

1âs.% of.clínìcä I lab:ieCnondentsl

Virus,' Commercial Kit
: .:: (FDAcleaied)
qMV

49?/o :

Among th um:e; with thé làrgest number of tests, iun by large

ieferènöe laborãtôrìes. Wíth e mu itiplex'ässay, thè avãîiäble market wilf bèä sub'sêt ôf the rrighest

ASR

Hospïtál
. t .. ..

lvte ÍestingAna
500 -,1000 >1000

* Emm es,.20O8' Dato b ö se,

1 1. Unlike the competitors listed .abover llluminashall enable clini
throughput; reducê sample requ¡rêments; and minímize labor rêsôurcês by commercializing'¿ muftiplex ,'
,díägnosticpariel, cornprised of all threê viräl tärgëts:: As,âcompai'ison; the'average price for têstingä 

.

.'single,analyte:usiñg,acommercial kítisiS15.-S20,deÞending,onlabvofume, AhomebrewqPCRtestcän:
run from 57 -'$12 per analyte; When addÌng each,of thetests sepãrãtêly'from the panêl; â lab would

: :have to speñ'd anywhêre from S21 to:560 per sample, By comparison, Illumina could provide the ,êñtire,

panel at an:ASP of S4Oper sample;. With,approximately 85%GM, there:would be'additíonal roomfor'
discountíng'of larger orders if necêssar!:

. :¡fi ¿6¡¡¡¡'on to the val ue of multíplexiñg càpã
' Ìnternal assay'controls and controls to trigger automatíc callíng thresholds:añd date analysis rêports, :'

FÒr most,cliriical labs, rhoving:¿¡¡¿y'from immunoassay based tèsts to nucleicacid based tests will
, , Oemonsffäte significant improvements ín sënsitivity and:specificity. Finâllyr this plan assumes thät thá :,

assay sháll beneft from the Erä en chëilistry;:enabling results \^lithin three hóurs,ând rëquiring lêss
::than 30 minutes, of hands'on time; None,of the major commercial leaders ín this testsegmenlhãve a

multiplex panel, providing ah opëningfor new têChnologies:
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Revenue

Kev Dépéndenciès: :

Complete EiaGeh / ILMN agrêementi:enab lé deVelopment with EräCodé,mödifièd baSëS. lf this l

rápid assay chemiitry is nöt avaílable'to f LM N;, the: Dx'Þl âtfoim teäm bel ieves' that' l LtVl N'S

inlêct¡ous disease âsiays will néed to be:iéconsidered as it woúld nót oemonstraté com
:àdväntagè: usin! ILMN'S FastGG âSsäV.

R&D devêlóÞdrs exÞêrienced iri:dêsignin$ assâyS With üiial targets:
:'r - Semi-quañtitative dätä'foi CMV

blood itream,: Surþiisinliiy¡ i'n thè U.S: it:is the ieeding:cause ôf death in nön.coronary intensive ca'iè'

uniçandttret0'ÈmoCtCômmoncàuserofdeathoveiall(cDC)j iliumina'sHAl.Pánel'shãli'inierrogatethe
ifollowìng analytei: rl

t rr' lVetnïci t tin,resista nt 5 fo p hyl o coccus aüreos\vl RSA) moSt virul ent'pàth invöived in

äCcôunti for IO% of all cases änd is the most deadiy of the hóspital aCQüired pathogens:

n.sensitive Staphylococcuö'Au reuS:(MSSA) - Another straìn of S. oureast vtSsR tias

beên undèrgièätei invèstigationóf latê.äS hoSþÍtals arësèëin$ä riSè in numbeis:as'significänt
:: as that óf MRSA. ,As the nìore treatable:strain with antibiotics, it does not havé the same

mmerc¡ally Sensitive



Vancómy stant ênteioðoccus (VnË¡ - Vancomycin.resistan ococci (VR ctiöñ ¡s '' r. -
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. skin tissue. Streptocöcöãl toxic shock syndrome (STSS) resultb in a raþid drop in blöod preisuie :
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Thê:avãilàb-le mäikêt fórrllluminá1i mólecuf ar HAI þäñel il'éstimated at S100M in 2008, ¿¡¿ growing atrr::

17% annually (Koloromo; 2O09): Thère:are several commercially avaÍlable kits for molecular HAl têsting, :

büt each of these are single'plex assays that.range in price from'$25 - $35 per teit. Clinical labs,are
:I increasingly begínnin! to convert from traditional cultures to molecular tests due to the improved

'sample volumes; reþorted by laboratory ênil users in the:2008 Emmes Molëcular Testing Database.

Note that the vast majority of the tests are performed by the hospital lab, further highlighting the need
for rapid return of resultsi
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i'scanox:foÈ öyt Cs, I

:. : ' : ill'umina"s:c6ogenetics,di duct shall rnsist of a whoÍe-genome infínium BeadChip; scanner¡

,ana ánatysis/reÞortingsóftware The array änd software will þrövide high-reÈöiùtion gênome'wídé maps

: of copVrnurnbei,àbèrrärions; rhqpro¿uct will suþpoit multipie:differånt èytogeñéiici,âpÞli¿ãtions; likely
rwith á si'rrgiê,ãrrây, but¿ifferent,anaiysis sóttwafe Sêttings.,prenatài añd neonatal:testin$would be,,.

:süþported nativeiy. Pieímpiantátion gênêtið d¡ägnoiis (PGD)'¿öuid be suþpöited with án assay:

optimizêd foi,low DÑA input ãnd fàster þròòësiing. '

äñalyses arê performêd annually in morê than. 400labs: Worldwide; more tháñ 1 miilion
(Gersen änd Keâgle; 2005). The moleculàr cytogenetics markêt'is large ($400-600M) and gr'ciwi ng rapr

(I5-2O% CAGR) : M i croa rrays are,a relativelyrnew.technology to this: mârket and cürrently'ãccount for.
- :about one third (5120M-200M) of the molecùlär'cytogenetics market (the iemaìndèr consists of

tradítional techniques includiñg FISH arid MLPA). However, whölegenome,mícroãrrays have the..
: potential to suppiant much of the use of tiaditional techniques..lt is expectèd that miciöarrays will ::

overtake.FISH as thè most'common molecular cytogenetic techniQue by 2013 (Frost &'sullivan). Layering

ilarket:shäre growth on the:öVërall market growth presents a substantial oppoitunity, and the array.

based cyto market could be more than S450M by 2012::

rhèrè,are sÈveiáf comþetiing reasons for.users of möi êðui ä r cvtögen'Ëiitr tech níques' to
:switch to ärrays; all df which can only be maximized by providing ,a whof e product offering that includes:

FDA aþprovál

pótêntial iortmuch iaster paiãt lei analyi¡ s,of the renti ré, génomë, räthër thãn

low-mültÌ Þlèi sêtsof .FlsFl or MLPA próbesrbäiêd :oñ'susþêctéd:gènömiö

äberrations related to phenotypé: ' ''

2, Tiaditiônàl cytogé ánalysis has'a low,diagnostíotièld óf 5"10% z00gi: Eariv:
: repöits indicätê that using ¡i6¡6¿rrays äs the fiont line test for DD/MR sampies would raise

' , 
' 

V¡elU by.at ieâlt an'àodit¡onä| 20% (Siàter; z-zs-os:BioArray News), inrproved.anãlysis wóikflóws,' ' . '

should raise this yielO:eùen'higher. '

3.. The märket is reiåtívety pr'ägmãt¡'ciâhd ieIatÌvèl adopt.,iliu movètqget ãÞmínats

. ..for:cytogénetic productsWitt CieãtlVsubstãntiate,óuiposition åsthe ieaUin[ plaffoimand ã--: .:

: :ilsafe bet.ii standerUiZâtionrshouid ãlso suþþoit irnpioved ieimbuisement for SNP aiiay-þ¿

tests incrêaiing the'pet'-teit ievenuè oíôur custömeis,

'com¡etiiiüä.Â '

ii¿ Àiyr"tr¡*)'ioo,. oUnlike our array competito
large lots rather than:synthesized individuãlly on;the array surfâce..Thisgivès i:rs a dístincl:advantage.ín a. .

regulated envircinmént wl¡ere each lot:must be tested and validated.

'' ,SNPs,arevery usËfui marters cytogenetic analysis,iànd,âre broadly recogniz ed,as

: ofcyto airays in informalsurveyiconducted by lllumina at confêrencei. lllumina is:uniquely able to
': targétSNPs:broadly:Affymetrixis'limitedintheii':abiiityt0target:SNPs;eventhoughlheymarketS

:es be¡ng:Very important.

M-3454, ,



. The:idéal máiñstreám cVtogenetíòs,ä'lràV'i! at å muôh lówer muÍtípf éi lëVel thán thät deiiiéd fói:mäny:
:.:: ::,díscoveryresearchapplications.Atthese,st¡b-mãximäl multiplex.levels, llluminâshorrldbeparticularly.: . .: :.. .r .. .: compêtitjve against Affymetr¡x'in terms of coSt of goodsì Affymêffíxdoesn't have the multi-samplê, , :: ::. :l-::-: manufacturingeconomies.ofscaleeffects'aswe,do,síncetheyl¡kelyneedtóuseafull sizafflask,:¿¡d.;'

thus are:at a disadvantage to compete on'price with lllumina in this market.

Èorécast Pioiectíôñi
2010 2011* 20t2

S9:4M : Stg,svl

*Assunies 5X1(k) clecironce,end oT.QX 2017

. Securing lP r¡ghts to
i Establish GMP manufacturing, inôluding oligos, arrays, and reagänts
I lmprovingsystem.robustness

' ¡ Dôcúrñênt remediation to bring the i
'''''''''''''''''''

i nstruniènt under design coñtiol, ör öieätion'öf ä newScan

ini/rvF
: iliumina predicts,that in the notto:distant future:ctriidren äs the u Itimãte

fofm::of newböin sóreenin[, .Thioughoüt:thêir iives;:their'geñome: ínformet¡on wíll þroüe valuä61é:f¡sm] 1.

.:thàlèaily dáys õf life wherè:Þhta¡¿ians'òän besf care f0i ã child wittr spêcial neëds; to the days when:that

chiid iS readyto häve,ch¡idrên öf thèirówn and cä irier statul becomès an important comþönent to
päréntal Þiãnning, ¿¡6 intô to iatè ädulthoôd whên multiplê þrètcii þtions can bie bettèi managed b'asËd

ön thë i ndividuãls drug:mëtabólism,

Not withöut côntroversv the öonceot óf newborn seQuencíng often:a

,of di!ðùsiìón'with'in the.mölecùlar diagnostictommunîty, As,a first stêp towäid ächieúing this

revóiutionaiy goai itiurninat muitiplexing tächnòlógiàs can be ieveraged tö óombine the maãy

: tesii Currentlv pêrfoinred atbirth:to,sáve iäbor and Valuable time toward ident¡ivínã, ciitical
,diáÈnóses'tháttãñmaké:a:significäntlmpãctin:'thëlife'ofttrecrrila:þãrentailVandafterbirth,: 

.

,nneüplo¡¿y screäning;for óhromosomes rs; Ís;

Cômmön translocations

géne.disörders iikè cystic¡fi bi'osis; spinal musculãr ¿tróÞhy;:sickle

' . :hüntin- -ns, henà$iobinöpàthiesrtóngenitat:aorènäi hyperpiasíà;rragile'x, conneiin126



Ashkenazi Jewish Panel including bloom syndrome, canavan disease, familial dysautonomia,

fencon i anem ia, ga ucher d isease, N iemann-Pick, Tay-Sachs

Market Summarv
The market for prenatal screening is approximalely 4% of the total molecular diagnostics market at

$fsovt in 2oo7 and is expected to reach SZooVl by 2o!2 with 6% CAGR. The total inherited disease

market is also 4%å of the total molecular diagnostics market at $135M in 2007 and is expected to reach

S1-9oM by ¡OLZwithT% CAGR. of the total prenatal market approximately 50% or $zSVl can be

attributed to FISH analysis, fluorescence in situ hybridization, for chromosomal abnormalities.

Companies are developing technologies to isolate fetal white blood cells from the mothers peripheral

blood toperformparental testswithouttheinvasiveprocedureofanamniocentesis.Fromthosecells
FISH and nucleic acid testing can be performed to identify genetic disorders. Companies developing
these techniques include (Kolorøma 2006):

Monash University, Melbourne, Australía can isolate single cells from a fetus in the cervical

mucus of a pregnant wbman to use these cells to test for genetic abnormalities. Enzymes are

used to free up the cells, fluorescent antibodies tag the fetal cells, which then can be analyzed

by a variety of technologies.
lnvitrogen/Dynal, Oslo, Norway markets Dynabeads that have been used to isolate fetal white
blood cells in maternal blood with immunomagnetic beads.

Applied lmaging, Santa Clara, CA has received a U.S. patent for the detection of objects of
interest - including rare cancer cells in tissue and blood, or fetal cells in circulating maternal
blood - through the analysis of multiple microscopic images.
Biocept, lnc., Carlsbad, CA, is developing a high-performance 3D HydroArray Chromosomal
Disorders Diagnostic platform that can separate fetal cells from maternal blood.
BTG, West Conshohocken, PA is developing FISH technology that has the ability to identify fetal
DNA from the mixed cell population in the maternal bloodstream. Fetal cells are identified by

the Telomere Depletion Assay based on the difference in telomere length between fetal and

adult cells. Fetal chromosomes are known to have longer repeats of the telomeric DNA

sequence.
AVIVA Biosciences, San Diego, CA is developing a biochip to isolate fetal blood cells.

Caltag Laboratories, Burlingame, CA markets a flow cytometry test, the Fetal Hemoglobin Test.

Ravgen, Columbia, MD, is working on a method to isolate fetal DNA in maternal blood.
Sequenom, San Diego, CA is developing Fetal Nucleic Acid Technology using maternal blood.
lkonisys, lnc., New Haven, is developing the image cytometry Chromotest to test fetal cells from

the maternal blood for prenatal diagnosis of chromosomal abnormalities.

Many of the same techniques used for prenatal testing can be applied to preimplantation genetic

diagnosis (PGD). PGD can be potentially used for prenatal genetic test¡ng of cytogenetic and Mendelian
disorders in embryos prior to being implanted in patients undergoing lVF.

U.S. and international newborn screening programs include many genetic diseases depending on the
population served in that area. There are several working groups working, including the American
College of Medical Genetics, to standardize Newborn screening across the United States to reduce
variability in test menu and procedure. A comprehensive panel would contribute greatly toward that
goal. (Watson et.al., 1enetics ond Medicine, May 2006.). Several developers of low plex molecular
platforms offer individual tests covering much of the content needed for newborn screening but as of
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, no com pany häö süóièssful lV comineiCialiied öömpiehêniiVe þâñël thát will öhàngè thþ'

'.'''''''''.'.-...'.'''.'.
1..''ll''.'''.''''''''

' I i bilitt,witf, e^ceii i'ä i; '
,..I :advantage where other technologies can not reach ex

:ãnd prenãtâl testing.: ldeally such chemistries would prôvide results,in,one'day.althoug h the market wìll

.likelytolerate:a2day:rãssayifthe,consolidãtedcontent,andrrrultiplexfeveTjustifiesextratinie.:.

'KeV Dðp¡iñtl¡inö¡ei
. Acquisition ôr develoþmèñt of teðhnoiögy för êltiäcting ietãl white cèlls fiom others

ix and reporting toois:make iense for how.the.tästi,are ôrdêied ín:prãcti
i Price of tèSts is:siÈnificantt¡r"lower than running each :indêpendently'to be considered d

The best platform:for the panel is lVD'cleared (BeadXpress or BeadArray technology)
.¡. GM dependant ón þlãtform;'coiitent'mix ahd content:selected

tory::V irál,Pánel,',,,,'..''.'
lllumína's Respiiàtoiy Viial Panel shall be a mütti ptex moiêcular assay;:detecting:viruSes báctêiia

- rCËpönsibiè,fôr common respiratory iilnessei. To comþete ãþainst the Luminex RVP þänel, and Ieverage

it's 510(k) clearance, llluminais:pänel shell bè,compiised,of;a i+-plei (piüs,2 interrra[ :controlË],alsäy -

Itargetine thé virüles and bäcteria ÍisteO Ue¡¿w: ltre Cöñtent:èontained with'thís pänel wiil accoü

,857o öf:respiratöry'Virai'n* --" ns,

lnfluenia Álu t¡i¡ A/B); ¡--- nii¡te ror of Flu A

, r cäñ ciiculate moie'Virulently (H1, H3):

n um an ;metâpneurnóvi rüs th vr Þv), com päiea w¡th rèspi rätöry Syñcytial virus¡ infectién'with: r . 
'

, 6rrm¿¡ me¡àpnêumoúirùs te'nUstô occL¡r:,iñ ¡liChtlt oldei children:;¡6:[6:piodrrbe:diseasê that is' :,,,

r. iess ieverê, 'Co'¡ ¡iêòtiori' with both viiuses ca n ocòur, an'd iîgánèi'alty assoôiatèd with wórsêl

disease, it is :èstirnateO that htvlPV ¡s' assoc¡ateU witfi i 2yo òt lowêi. réspirãtöry iiinesses:thatwere
: 

charäctêiized bV wheezing, ôrciuÞ, :oi 
þneúmôñia.:lt aiso seems to öe linkêd to l5olo of ôoinmöh colöé :

: and ab'out.one:third of complicâ'têd inner ear infeétions' '

märciâl



. Human Þäiãinfluenza t/zl3 - Human paräinfluenza viiuses äre:'sêôönd to RSV asä cômmon

cauSë:of lower resþirátory traðt disease in youñg:children. I H PIV:1 is the leading'causé of croup

in children¡ whereãs HPlV=z ¡i:lêSs fiêquentlV detected. Both HPlV.l ánd .2 can causê ofher

upóer and low¿r respiratory tract illnesies, HPIVS is morê often associated with brónchiolitis

complicátions ôIthe flu (CDC). Molt iusóeptible tö complications are young children, senior adults, and. '

thoiê with immunè deficiencies, Annual directand indirect coitsof flu virusesãre estimated ãt $10:; ' , ,

million, with:the'greatêSt impait in trêating theryoung änd immüne cómprömisè d (Katoiomà, 2009\:
''''.... ::.. . .. . ...

As'wíth other: infectious diiease tests, the most curteñtly'used method ii.an immunoassay. :Howèver,

¡¡s ¿¡¡.¡óal market is increasingly turning to moleCulär methods in oider to imþróùê SênSitivitV;

specificity, and turn-aröund ti e, The below täble lists somê öf the considerations outlined in :

. for Res Detectiòn'.

Nucleic Acid Methods

;Trad e Secret/Göm m erci â

Speed veryvariable depending on the



: riquisÌte iènsitiùity but can bê prónê ''i' aenêrailv lesilenlitiüe'thã'n'nuöleiC ., . .

tó'crosscóntamination:próblems aõidmeth'odi . . r . rl
Careful handling required to avoid Careful handlíng required to avoid . r r r . . '

contarñination; primer/probe design Çontamination, but leis-common : : . : :

crucial problem than for molecular methods;
DFA subject to over-interpretations l:

lnactivatedbefore,analysis;but' lsolatês:usefûlfor,antimicrobial
antimicÍobial sensitiúity informationr, :' ' : senlitivity testing and phenötypinS;lb'ut . .. ::

requires,knowledgeof.genot¡¿pe'- ;, 
l: .' ìspecializedsäfety:requirements. .::. ....: :

. :. . ....:r n".6¿6'for:Culturêof:Categor\{3r/4 .

,AS highlighted in the tãble; several fäctors þlay.intö the:ädoption of iespiratory pathogen testing;

. case.of re!piratory virüies; thetimeiy retuin'of results enables physicÎäns to implémênt thé Èiope¡

tárgeted theräþy baièd On sþécific moleôúlar bàséd tests, ànd nöt gêneräii2ed guidelinès. l

Est results f,nd vlrål eurvê¡g¡nce detâ,

Predomlnaü viruc(ea)
incomrnunihr

Zsramlvlr

None

Fo"sHYeJq Osellarfvir
plus Ri¡anbdÍneÎ

PoçitfveA Floflê

Fo*itr'.'e B l.lon¿

Z¿nenivir OâðllEñivir
plus Rflläntrdhel

PoeitiwA¡ Bt No¡e

iity ôf moleculai tests a'rê stiìl iun under cu methods; thêre has,been

,ân increase in the numberbf multiplex test kits avãilable on'the mãrket,:Thesà ¡nðlude'the s:ro(ti
:' Respirätory Viral by Luminex, and ÉräGen's MultiCode.Plx Respiratory Viral Panë|. These
'''

,'Trade: lly,sensitive



com pàñiè! ôffering sinêlê:plei möleculartests, lt iseitimated thãt the ävailàble:m'äiket is:t.z m¡llion

tests,êãch flu:sêason, and thãt the àdoptiön of nioleculai methods is gröwing ata iate of 15% ëäCh yêai

lll PCR

200,000
.@Roche

rCepheid

lPiódè66é
trBD/GeriêOhih

. idluih¡äei
IttioMeriêúx :

ComÞäny

Unlike the competitors lístêd âbovè, Illumina shall enable clinical lâböratorìes tó reduce costs,

:r i thro- hþut,reducesamþleiéquireménts;åndmi'nimízélãbor-iesoÜicesbycommêrcìalizing:äniultíp
,diagnostÍc,pañel, comprised of all three viral targèts,:ln addition to the multipléiing capabilitíeÊ, the

,. ,. têchnol e incl ssay'ðöntrols and controls to trigger äutomatic
: . ', eSholde ysis r s plãn assùmes that thê assay'shaf I benefit:from

' ' ' n chemi iesul e hours and requiring less than 30 minutes of handi-: :

:iirr timë.

It is important to note that urriike other pãnels,rthe nesóiratory Ví räl Panel will be ä seasona
. ':thê Unitëd Stätès, the flu season'typically runs from Novembêr to April

2012

Revenr.¡e

. Est.,GM% 80%
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än äutómàted óystëin'wouid elimÌnatethê'Èhälfeñgë:of'tediousþipêttiñg änd washstèpsiincé it
::wöuld not:requirê,technicián tìmë. Thè,systêm will be developed under design control and submittë6 : ' -' :

for ölearance by the FDA.

.''','''..'.'
'Amid a nationwide shortàge:oi

: : continue to,giow: lt isrestimäted that US laboratories wíll nêed apþroximatelv L2,400 professionäls:

annuälly betweén 2002 and 2O1O. The avêrage number of clinical labioratory persöhnel êxpêcted to .
:r::entêr the job market is:aþþroximateliv 42oA people per year (wafeeew). Additioñãllyr'with insü

.rãnaêl

::'payors lookiriÈ to paY l¿ss ánd less per'test, both scíence and ecönömícs: are driVing the.íñflux,of
,äutomátion for molecular tests: To address thìs; 'several cdmrnercial companiêS have relèased ' r -

- äutomãted,systems for:clínical use:.Thesê:arè föimättêd to provide â "sample íñ, änswer out" eäse,of ::

use- The clínical market is:not.funded for capital,equiprnent purchases;,so thê iñstruffieñt systems:ãrê ä
: function of reagent rental contractS,: ¡slle6 into the overall price' per test (or placed at no cha rge ín'some.

i¡5¡¿¡¡s5);

cli niêai iaboratory tech niÈía ns; ¿ä¡ ly'tésti ng, rËq uiréments for

Hoche Cornbine Arnpl¡Frep andT€qMan@ Analyzer,the,
.s¡¡stern pÈrforms eutomated samplê prÊp; amp, and
quantitation'of,RNA,öiDb{A; ' : - :

tepheid .... . ..

GeneXpert lntinity .

Fully arrfomated: ês
the.samplei.dafa,: g..:. 

:

aiid rêFortÍng of test:reÉutts.:RUü and diagnostics;. .

Up tÐ-2,0?4:tests during per24 houet: : :::: l

fiíriPlex 220Íl

EioRad
, 1, st diagnostics mu ltipf exing platform En,ai fully-

A{¡toGenon¡¡cÉ Sample hËndíng,: reåSesrt rnaÐatêffi êrïL

' hybridization,: . Ëtri rgêncy and deËectiort' fÐi: t NA. :: : ::

analyses;: "Í-oad N Gc" concepl FDA clearar*ce on

.t¡vo assays:using INFINNTï; 11 : -'. , ,'

lnverness ìtedieal

,ATH5

The:,'l st spaoe'eff+cienL : Éntegrated, frtlly aifiomated; :

cpen,: ¡¡u¡¡¡;rnèthodologty sy$tetn; llicrlc:-v*ith AtheNA
Multi-l-yt@ reader and El-lSA reuder.:: :, ',,;., ,1,"i:



BasedonfeedbackfromrefêrêncêläbörätöríeSandölinical cùStomers, lllijmina'sBXll wôuldbe,deiigned: .' ..

to:acconnmÕdate thê desire for complete sample to ãnswei functionality,.and support lllumina's . :

product pipelíne,

i" Sl $250,Ð0ü

, I Tùuch-scree n op er*tion; muit¡-nle ftu sel ection
:lr Earcode scanning of sainples/rÞagenislltMS} .. . .... ....... . ....... . ......

'r' Åutonrated "caìling" per tÉsÌ.typÞ;.d¡fferent uEei Ìtgftid; . .

. . l nie gratr'nr¡ wÍth niher' pâtient ma nagement. soflivìtre
,.. Support FGü aild cuirent Veia0ode assalt woil(flÕ\,vs'

, i¡/alk-åwa'f opärãtiôn; samFle {t ãnss/ëF.

: .r üptional.Nr¡üetc:aeid .& pr+ieift extraction fronr: r¡vhole bload,
bucciil :+'w-äÛs; û5F, Ëerum; lilÕod cË¡rds ..

-',.:, Regulatrrrry:Oeei¡1n Cúntrrii - G[4F fufanufactLrrirlE with FD¡JeE IVD
.ciearance ìhtention . .

rl; Nr.rcteic:acÌd isolaäon; Fre:FCR, Posl,-FCR, H}tbildizai¡tn äÈcl .

.irti¡sh, Read and data änãlysis.. .

2010 20tl

Est,GM%

Diägñostic TarEêted sequencing :(:Piometheus II')
HetA Uy the clinical:moiecuiar diagnostics industry as the -gold standardt, sequencing technóf

been:used LeVeiáþing the advances:öf the RUo Avantome sequéncing:system (aka., Prömetheus); the :

: nêxt gênèrätiorì of the Avantömè technôlogy will be developed to meet thê iëquirêmenti'of thé , :-: ..

:diagnoitics:market. Sígnifìcäñtoppoitùñítyëxìsts w¡thin:diagnostics fortárgeted sequen'cing'of vi'rùs;' ,

bacterià, änd gënes assoðiãtêd:with öomþléxilíôeaiãs.. : :

Competitive: AdvàntäqÈ
lllumina's Dx sequencing syStëm will enable high thröughput sequencing unsu ipaised in the industiv' :

änd'a þrice that is affoidablê for entry irrto clínical diagnôstic usë. With the ability to perform täigeted ::

'sequence anâlysis:wíth accurâcy añd precision greater than 99,97o; the throughput.capabilitíei will



lábs to reþläce thêírtuirènt routine testinþ teòhnolóey with iêÓuenôing in äiêas õuch ás

. Cystic Fibrosis; infectious disease/viral tvping, HLA typing, Blood Group Typing; etc. 'To däte, the . ' .. "
¿*pg¡5gttimêtoresult,andlowthroughput.capabílitiesof CEsequencinghavelimitedìtsuseclinically i ii l ii
except in thê instances öf confirmatory testing. lt is estimated that the market opportunity is $¡OOlVt

:and will grow at a rate of 20% pei yeelr'once available.

times for a major system developed

not anticípate commercialization until 2013. However; development will need to be initiated:and

'i Pricepointaround5200.S230k.: :,i ':' 1 
.: I open platform capabilities to enable'early ádopters prior to 5l-O(k)

al oryan transpläntaTion, HtV drug:iei¡stanóé, añd cäncêi:: illumina's develôpmenlpiþéline for:thè CLIA

labr services Êhall incl udej:

r 6"n.-- i't--

For each ofthese' logy provides s ignificantcompetitive :

:,advantagè ovêi Sanger SeQuencing, which'is thë currênt standaid foi'diagnostiö sêquencing,

the GA is unablä to competê with the:turnaround tímê, lllumína will foöus ön applications wherê there is I 
'

a longer lead time allöwed due to the need for âs comprehensiveãn analysis as possible, :

ILMN Vs;S

Avê.:30x¡,: minimum 5x for

<500 bp

rearraRge
Max

.us



:: aPProach.

Sim plified/Autom ated sampie Þrepi
Targetéd sequeñcing
Bioinformatícs
Clinical Reporting
BioSäfety Level il (+)'

Additiönal CLIA Licenie
¡ Dx Services saleS têarä

r r . :Directtö'physician/pathotogist'márketing

lllúmina's HLA Typing 5erv¡ ."'rh"ti be dÈvelòped for organ têsti ngi ând

focused on:solid otgän and bÒne märrówtransplantations, Within this fieldr statê-of.thejaft anài

em braced in order tö f im¡t thq likelihóod of tränsplant reiection, :lllumina shäll piôvidä
'.,... .... t .

deep sequencing

service for exámining the MHC on chromosomê ø. These'genes are very pôlymorþhic between

. individuaìsandthèycodèfôr.antigen.próduciÍón.:There'aretwomainclãsiêsofHLA:genes-Classl :

which inèludes HLR-R¡ Htn-a a'nd HLA-c; ând Cläss llwhich includes HLA-DR, HLA-DP änd HI.A-DQ.

aàcàuSe these genes' aie so variable, D NÄ: iequenci ñg iõ tne' þot O stan O a iA fór: ge neti c :a naiys is,of H LA.

:: 
Numb'Er of :variant'alle¡ès at Class

January:2009:
MHC Class I MHC Class:ll

HIA -A1 -81 -83

47 z8

7Z

ercia



DR- 3 618 82

3,264

2,127

The U,S. aCcounts:
''''.''

for 60"/o of organ tranlplahts world Wide. lt is a mature market; a nd betweèn 2005-
20Oaa; there were an average of ,18344 orgän transptarrti,and 20,OO0 bone marrow transplants éach

yeär' With each transplant, there are typically 3 tests þerformed, one on theriecipient and onä fór each:

of'two hiþh'potóntíai donor cãndÍdàtes.: Rt an aveiage þriÈe of $t,zoo, this brings thé cómbirred mãrket ::

to äpproximately 5127M. Within the CLIA registry, there are a total of L86 CL|A labs certified to perform '

: transÞlant telting, Below are examples öf competitor läbs and theirtest priCe for high iesolutíón HLAr . :

t , ': ;ThómâsJéfferson UniversitV Hospita[,inc:; r

. " ' University ôf Mississippi Medicál'Center : ::

Tulane University Hospitãl änd Clinic
: Christiana' Care Health servicês,

Roger WillÍáms Medícai Céntèr'

University of Kentucky Medìcal Cènter

Medical UniversiÇ of South Caroliñä

University Medical Centër

LDS Hospital

St. Francis Hosþital ånd Heälth Ce

St, Löuís UniVëisily Hóspitài,

N M DP Transplant Center: city of Hope Bannef

Ernory ÚniVëisity Hosþital ' :

Presbyteria:n/st- Lukes vled¡cál Center

Beth lsraei Deaconess Medical Cehter
:' : M:D, Añderson:Càncer centêr ' - ,;

ì : Hackênsack, univèisity'Mêd¡ceL'center

$1,33

5'1,47o

$1;346

SLooo
S1,5CI0

s2,280

New York Presbyterian Hospital at Cornelì : $z,soo



2012
720

60%60%

diseaseintheU.S.andismanagedthroughpioperadjustmêntof drugtreatmentoptions. Growthinthe
màrket is derived primarilyrfrom HIV $ènotyping áSsays to detèimine a pãtiènt's senSitivity to'these

diugs. it is estimated that the U .S. market for HIV genotypi ng tests (primarily by sequencing technology)

was Sl4S million in20OB (Kaloramo\'. With the very limited Sanger sequencíng used cuirently, the cost l

:per test is approximately S250, lllumina'5 sequènci ng assay wilf be better adapted foi' high thióughput I :

volumes (i ndexi ng)' and wi ll generate unsurpassed äccuracy and þrecisionr enabling better Sefectíon öf

drü$ treatment,: :

s323,ooo

60%

take weeks to'iéiurn iesùlts.. :

ncer ' ' . 
.

,Ai shown in thë section detáiling lllum ina's :oncol ogy: prögiam 6), thé:marke{ for jiãgnostic

of cancer is a large and rapidly gröwing segment that ltlumina cän enter. Molecular rnethôds

lliumina's service shãll cönsist of a cancei panel for somatic mutations profiling and shall include:

KRAS - KRAS mütäËions ärè foùnd

A KRAS mutatiön tèst helps physicians know'wheiher these patiênts

are likely to benefrt from therapiës such as Erbitux@ and Vectibix@. Studies

have shown that the normal form of the KRAS gene is ässociated w¡th resÞonse

. to thesê therapìes, while Þàtients:with,a:rriut¿¡ted KRAS:gêrie ärê less likely

: iesporid,, Recently thê American Socìety of Clinical OncologY'(ASCo),and the
: Cömprehensive'Canöer:Network (NcCN) häve' rècommeñded that pätients with métästatiö:

colorectãl êânöer'should rêceiVê KRAS mutation têstiilg;

r ' P53 - Mütations in þ53 äie ÞrèSent in'greàteitharr 50 percent óf àlI húmân'canÒêrS, inclüding:

colon; bièast, luhg; bladder, biaín; liver, änd hêmatological malignancies, Germline (heritäble)

T¡:adè Sècrét/Gom .IILUM



: synd¡ömê, ldentification of p53 gene mutätiönSÌn cancéi þãtiènts from Li-Fräumëñi syñdröme . . ,

or Li-Fiä umeiri synd iomê-li kê fä mi liês mäy þèrm it idèñtil¡catión öf indîviduals ät high risk f-i
cahcer iñ [hese families,

Additiönal :genes that Wóuld be tärgeted afet,

,i¡Kz
FGFRl

2011 2,072

0CIo

60%

t .. t , ,,Three'Yêär,nevenüè surnmaryI . .

r r I r lf êxecutêd to'th:elt¡melinei shown'in the platform'póitfolio p
'.''''''''''''''''''''''

lan; lllumínâ will have significant growth

ovêi thé next four yëäisl with S57 milliön cöntributinB from diagno5tic'þioductS:and sèiviCëS. Note'that

32.0

FYlI2FYIO

iADME
ResÞ Etòiy V EScr iRVPNétjübbríPrènat:â

dl CYtöoênet cs

ÞaneCånce¡

i.Herpes Pâñè

BeadsilcPR



:::thê pioducti ôommeic¡ãliièd ln FV10;FY1/'eitàblíihthë iñitäii bâsêd of BeädXpress inttiüment:sYstêrYls; . . . . ...

ShortTerm Needs Mid Term Needs Long Term Needs

lnstrumentation o lmproved

'' iobustnesi:ôf BX

.' Systém 1 '. 1 -..; .;.r;
. .- FDA:clearance'ôf BX .

.: .. 'System. .. .',1 . ,

.' lmpiove robuStneSs
'. ;' of iScân:systêmS; .

:establish standard
system :

:' check/calibrjt¡on,'
I method .

o ' þ¿y¿¡op Avantome

'r ll under DeSign

''.

.t
launch ,

............''.....

r Simplification and

' . ccist rêduction of :

: instrument svstems
: (QSR manufacturing
. in:Singãpore or .

l.l .','''...:
.Ò-... 1.. 

.

isca (e'ther DMR or
.510k clearänce) ' ,

. Regûiåtory Þath for,-
: Avantome'(eithêr

DMR or 510k)
:r Pull-out and lj :

''.'

. Psrföim3¡¿g - '.r':' : nêeded)

¡ Different technology
I for rapid multiplêX r.'

infectious díseasê: :

test¡ng - ' ''

o Automation for
r ' rliquid handling:steps

öf LaEuna assay l

. Fully automated
. . system, from ... . .. . ..

extracted DN4ls

o Fully automated

: 
r syst -from sample .,

:r extrãction through to :



. Automation that
: allows úser to I

' t--- tê into theír
LIMS system r'

assay workflow,
I thsn'p¡¿te loäding .

rínto instrument
systêm :

data analysis.
. CáÞabilities of iüRning :

: high throu$hþut,r24/7 ::
::::: ::operation.: . :

¡ Robust; scalable,
j . multiplex assayr'r'
? Custom äSsay

desígn capabllities
(s¡milar to customl
GGGT, but fäster

o. . sln
r'l ior ing

' for genet¡c diseâse

¡ 2-5x lot size

¡,ScalablqVerãcãtor
.,2"d Hz Loâdër ; ''

o Increase Tput per laier
: (taller phase masks,

'increase laser power)
. znd Filarnent supplier
. Mëtrólogy for kitted
'. . 6¡¿1ss .

:ö lmprovements in

.' þead'removal ::

ii. .QSR 
compliant. . ::: ,

rnanufacturing for
:: BX and VeraCode Dx:

reagents '

:' : ,Reduced COGS 0f " .'

: : Veracode beäds
r l GMP oligo

.. .. i¡anufacturing,&, :1
: post.processing: :

. l,'space for ll :

. :: equipment/ r '

. ' expansion of ...; ,;; :,

' ' 'manufacturing

r Low-plex assay with
lêss than thr hähds-

: on tîmë änd övêiall
TAT öf 4 höurs or

:. leSS .. '...1 . ' .l

r 5¡¡¡p¡¡¡¡gd assay '' ,

'',.'''..
. eared-

: .':toward clínìcâl lab'i ..
. :Circulating öêll '', ''I capture technology
. : CytogeneticS kit- :

rcleaied by FDÂ for

. 20-30x lot:sizes:
,1, - .2nd MFG Sitê . :: : .:

. Efficiency'- -

:' : Custöm mult¡Þlêx
bead platë:flêxibility

I on 
lmall 

and lärge

' Scâlê ' '

' ¡¿¡gs¡ ¡ef sizes for 
I 

:

''' :äútomated kitting :'''

: l:l:. AVaritomë'e vOS' '

r OwnershÍp of

kits/reagênts '

:compatible w¡ih
. r:aiitömätion:solútiön: :. 1..

¡ : Diagnostic test menu
for.sequenclhg r :

, : :'' (targete¿ re¿¡ærii.kits)

' - cleared,by FDA . 
,

. Continued COGs

'tt. iedu6tio¡ ....; ..r :..
¡ Manufacturing, :

:r:. aütomãtie¡

,software/Analysis . System and analysis

software Sübmitted

r Ability to design/add
sëlêct Dx pertnèi

Full

trackinÈ/incöf poiäti ön: ::.



for clearance with
BX s10(k)

submissíon.
Framework for
additional Dx test
modules
Abilityto be
incorporated with
LIMS of clinícal lab

Automated design

of custom FastGG

assays (mini-OPAs);

critical for Dx

partnerships; needs

incorporation into
manufacturing
(LrMs)

Revised KaryoStudio
to optimize for
clinical use
Bio-inforrn atics

analysis support for
oncology biomarker
discovery program
Filtered reporting
for all instrument
platforms used for
diagnostics

a

a

a

a

a

a

modules to
VeraScan
Unique
normalization for
test specific data
analysis modules
Full

tracking/i ncorporati
on with LlMs as part
of automation.
Clinical reporting
requirements with
CPT coding - for FDA

cleared tests and

lllumina's CLIA lab

a

I

with LlMs as part of
automation - from
sample to analysis

Regulatory /
QualitY / Legal

a Guidance / strategy
to efficiently gain
FDA approval of BX

ln-house Regulatory
expert
Formalized
complaint handling
and CAPA program
(tying SFDC to
complaint
resolution)
Regulatory pathway

for iScan systems
into clinical use

T's & C's for GPR

beads to support Dx

partners; diagnostic
use of BX (when

a

a

a Formalized Clinical /
Regulatory Group
Re-structured Dx

advisory board -
oncologists, etc.
Chain of control
process (receiving of
bio-
materials/samples)

Application/l ndication
specific Diagnostic
Advisory Board sub-
groups

PMA(?) for cancer
panel

a

Trade SecreUGommercial ly Sensitive
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a

cleared)
Chief Medical
Officer (for safety
board and re-
imbursement
program)
lntensive regulatory
training for key area

managers

a

Field Service &

Support

a Active Preventative
Maintenance
program for
instruments
Specialized FAS

individuals
dedicated to clinical

accounts
Specialized

TechSupport
individuals
dedicated to specific

clinical eccount
management

a

a

¡ 24/7 response for
clínical customers
Designated "Dx"
field support team
for clinical
customers (FAS, FSE

and Tech Support)
Rapid field
repair/replacements
and/or loaner
program

a

a

a CEU credits for ILMN

training classes

Sales Channel a Sales specialists that
target Ls tier clinical

accounts (large

reference
laboratories)
Diagnostic partners,
utilizing BX and GPR

beads for product
development and

commercialization
Sample evaluation
programs
Reagent rental /
Leasing programs
Loaner pool for
instrument
evaluations

a

a

a

a

a Separate Diagnostic

Sales team, focused
on sales of lllumina's
diagnostic portfolio
exclusively
Evaluate distributors
for ILMN diagnostic
products

lnternational
diagnostic
distributors

a

a

Diagnostic Sales team,
with "key account
managers" who
manage sales to
diagnostic partners

Marketing a Development of
lllumina Diagnostic
branding and

identity
Target general
human genetics and

MDx conferences
Focus sessions on

a

a Targeted marketing
campaigns for
application areas
(blood typing,
infectious disease
etc.)
Product
management bv

Expansion of Dx

marketing team;
activities exclusive to
Dx products only.

Trade SecreUCommercial ly Sensitive
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"Laboratory
DevelopeA fest'' : '.':

Applícations"
¿ Devèlop co- : l

marketin! progräms

: I with Di partners

disease area /
aÞplication : 

:

:. Dx partner/ l[MN
usêr group meëtings

lY) 1:1:: :¡,;;

Other Reimbursement r Health economics -
. .:.:. . CpT code, .. .,. - ,,.1, :.

:r, 1eËtablibhr¡ênttór,' 
'

: t cancer panel etc., .

': works:with lobbying''
:: :lgroup änd AMA

Lobby firm in DC

.CPT codê,subntissibn
a

:: spècíalist (AMA):

CLIA Services . Menu of CLIA
:..1, : testingss¡vi69l .

r Validation of :

: þlatforms l

. Additional
certifications -

:' histology; virology '-

¡ Genetic counselor '

. CLIA lab space
'1 .g¡¡P¿¡sion- . ;,,,: ,,. ,:

. Headcount
expansion för CLlA

: lab technicians
.:Ad¿iitiorràl : :

.: I instrumentat'on ¡s¡ .

.: lab (Avantome,, - :

. MagSweepei, iscan;
: Bruno)
o.Dêd icated

. 
:: direct marketíng ::: '

e On-sitephysician/Chief
Medical officer '

¡ :r Automated production:

:::.. :scaletesting .. ;.. ;..

Key risks to the prógiàm änd,a'ðhieVing:the réVenüê forèôäst äie:



Who\ D'oing Whaú- Malelculo| Dx,Thè Rèsu[ts:ôf thê ralorämä IñfôimatiöñlEmmes

Grou p Survey óf u.s; Láborãtoriel,'ApriI 2Oö9, Kaloráma tnformatíon

The Wortdwide Morket ln Vitro oioqnostic fests, 6ih:Ëdition;: May 2008, Kalorama

lly Sêné¡tiveêrcia
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Background

lllumina is a recipient of a subcontract as part of a Gates Foundation
grant to the University of Maryland

Purpose of grant is to assess emerging molecular diagnostics techniques
as tools for epidemiological surveillance of microbial disease

lllumina GoldenGate

- Sequencing (4541)

lBlS TIGER assay (Multiplexed PCR followed by ionization electrospray Mass
Spectrometry)

lllumina will make a modified GoldenGate assay targeting signature
sequences from 33 diarrheal pathogens

The competing technologies will be tested head-to-head on the same
panel of 3,000 typed field specimens collected from children's clinics in the
developing world

2 COMPANY CoNFIDENTIAL- lI'ITERNAL USE oNLY
illumrna'
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Significance & History

Diarrhea is the largest killer of children <5 y o worldwide, accounting for 10 - 20% of all deaths in

this age group

>30 different pathogens can cause pediatric diarrhea

Gates Foundation would like to fund vaccine development, but no comprehensive studies have
been done to enable ranking the pathogens in importance, so priorities can't be established

Gates has provided a -$30M grant to the University of Maryland's Center for Vaccine
Development to comprehensively survey the causes of pediatric diarrhea in 6 field clinics in
some of the world's poorest places

Bamako, Mali

MRC, The Gambia
CDC site, Western Kenya
Manhica, Mozambique
NICED Kolkata, lndia
ICDDRB, Dhaka (Mirzapur) Bangledesh

At each site fecal samples will be collected from >2500 cases and matched controls over three
years

Samples will be typed by current gold standard microbiologicaltests to determine present
agents

Prevalence of agents in cases versus controls will be used to establish major causes of disease

æIVPÂNY COI.IFIDENTIAL_ INfERNAL USE ONL\'
illumrrìa'
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Significance & History (Continued)

Gates Foundation realized the sample collections generated by the main
study would be ideal test set to assess emerging technologies & solicited
Maryland to submit a proposal

Grant was awarded in June 2007 and funding started in September'07

Three sites from main study will provide DNA & cDNA samples from stools
collected frorn 2,000 cases and 1,000 controls

Field sites will collect DNA and cDNAfrom stools, send to Maryland, who
will then distribute to three technology test sites, including ILMN

4 COMPÂNY 
'ONFIDEItrIAL-. 

INTERNAL USE ONL\'
illumrna'
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Details of Grant

Title: New Technologies in Diagnosrs of Enteric Disease

Pl: James Nataro, MD, Ph.D.

Project Duration: 3 years

Start Date: Sept. 1

Funding: $5,567,836

lllumina's portion: $831 ,562"

33 bacteria, viruses and protozoa included in study

*This amount represents approximately three hours of interest from the Foundation's $348 endowment

illumrna'
Ã COfúPANY CONFIDEMIAL_ IòlTERNAL USE ONLY
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Cu rrent Diag nostic Methodology

Sample

Antibody Growth on
Agglutination Selectlve
(bacterial Media
strain typing) (bacteria)

Colorimetric
Biochemical
Tests
(bacteria)

ELISA
(parasites,
viruses)

RT.PCR
(bacterial
strain typing,
viruses)

Microscopic
Examination
(parasites)

.Many types of equipment

.Many different consumables

.Many skills required

.For ma¡n Study, current cost of diagnos¡s is $72lsample, even though
most of the labor is being conducted in the developing world

o COMPANY CONFIDEIflIAL_ INTERNAL USE ONLY
illumrna'
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GoldenGate Diag n ostics

Sample

GoldenGate

Diagnosis
(bacteria, viruses, parasites)

.One setup

.One method

.One interpretation

Trade SecreUGommercially Sensitive
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Project Phases

Trade SecreUCommercial ly Sensitive
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Period Goal

Year 1

First six months

Develop screening array for 33
pathogens on Sentrix Array Matrix

Year I

Second 6 months

Reduce assay time to <9.5 hours for
16 samples

Design simplified software

Select best primer sets by screening
against defined samples

Year 2 Remake primer set on VeraCode
platform using '10 best probes per
organism

Test against 1500 field specimens

Year 3 Select 5 best probes per organism
based on Year 1 results

Test against 3,000 field specimens



Year I Milestones

Trade SecreUGommercially Sensitive
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Reduce GoldenGate Assay
Time from three days to one

Design and Manufacture test
array

Test Probes against spiked
samples to identify best
probes per organism

Design turnkey software for
assay run & analysis

" Milestone



Year 1 Milestones

10
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Reduce GoldenGate Assay
Time from three days to one

Al l-but-com plete-Assay
times reduced to enable
single-shift assay

Currently al22 hours
due to use of 16-hour
hybridizations on SAM

Design and Manufacture test
array

1st pass complete for
bacterial pathogens

Need guidance for input
sequences for design of
viral and protozoan
probes

Test Probes against spiked
samples to identify best
probes per organism

1't pass Complete for
bacterial pathogens

Need to repeat with
expanded target
repertoire for several
pathogens

Awaiting design of final
probes. Does not gate
any other part of
program

Design turnkey software for
assay run & analysis

Delayed

Com mentsMilestone Status



Main Experiments, Year 1

Experime
nt

Type Probe set Multiplex Biotinylation Purpose

1 Probe set
screening

362 Chemical Select 96 best probes
from a large number of
candidates

2 Probe set
screening

96 Primer
Extension

Test best probes under
"fast gg" biotinylation
conditions. Further
select probes

3 Dose-
response

24 Chemical Establish LOD of probes
in Experim enl 2

4 Dose-
response

22 Primer
Extension

Establish LOD of probes
in Experiment 2

5 Unknown
Panel

22 Primer
Extension

Panel of unknows

11

Trade SecreUGommercially Sensitive
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Experiment 1: Standard GG detection & specificity

Legend Plate Layout
Sarnple # Ol

1 EPEC 2348/69
2 Shioella-flexneri

ETEC H1O4O7

4 Aeromonas-qvrinophilus
5
6 Vibricoarahaemolvticus
7 Salmonella-tvohii
I Camovlobacter-ieiuni
9 Sâlmonêlla-tvDhi-murium

'10 EAEC 042
11 Vibrio-cholerae 0139
12 Salmonella-enteritidis
13 V¡br¡o-cholerae 01

14 EHEC 0157:H7
15 Sh¡oelle-sonne¡
16 Shioella-dvs-1

12

Trade SecreUcommercially Sensitive

rl2 3 4 5 6 7 I I 10 1l 12

A 1 1 1 I I
2 2 2 l0 10 10

c 3 4 11 11 11

D 4 4 4 12 12 12

E 5 5 5 13 '13 13

F 6 6 6 't4 14 14
(: 7 7 7 15 15 15

H 8 I I l6 16 16

+ BKGD
- BKGD

COIÌ,1PANY CONFIDENTIAL, INERNAL USE ONL\'

10,000 copies of each organism (based on molecular weight) were tested,
w¡th or w¡thout 100 ng human gDNA.

362 probes (all the probes initially designed) were included.

Ther"e was no significant difference in signals between samples with or
without human background gDNA.

illumrna'
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Experiment 2: Fast GG detection & specificity

Leqend Plate Layout
Samole # Orqanism

1 EPEC 2348/69
2 Shioella-flexneri
I ETEC H1O4O7
4 Aeromonas-ovrinooh ilus
5 Shioella-bovdii
6 Vi brio-oarahaemolvticus
7 Salmonella-tvphii
I Cam ovlobacter-ieiuni
o Salmonella-Wohi-mur¡um

10 EAECO42
11 Vibrio-cholerae 0139
12 Salmonella-enteritidis
13 Vibrio-cholerae 01

14 EHEC 0157:H7
15 Shioella-sonne¡
16 Shioella-dvs-1

't3

Trade SecreUCommercial ly Sensitive
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+ BKGD
. BKGD

10,000 copies/organ¡sm were tested at 96-plex.

Again, no differenceswere noted between + and - human background gDNA.

24 best probes were chosen for Experiment 3.

illumrna'
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1 2 3 4 5 6 I I I 10 11 12

I 1 I o Human BKGD Onlv Human BKGD Onlv

B 1C '10 Human BKGD Onlv Human BKGD Onlv

c ^
11 11 Stool Samole #1 tool Samole #1

D 4 12 12 tool Samde #1 itool Samole #1

E 1: '13 tool Samole ll4 tool Samole #4

14 14 Stool Samde ll4F 6

G 7 7 15 15 Stool Samole#5 Stool Semple #5

H ð 8 16 16 Stoôl Sample #5 tool Samole #5



, Experiment 3: Dose-Response Test (Standard GoldenGate)

wc Sñlsefa,lexned EIEC Aerononas¿vrhøñllus Vhivunhættolyflcus SalnonelÞfuphìi Canovlohactetidni Vbrio.chdetæ01 IHEC

I 2 3 4 5 6 7 I 10

A s000( 5m00t il00u 50m0( 50m0( 5000m 5mom 5mm( 50000(

B 1000{x tmmr 10m0( 1ocnm rum0( 1000m 1mom 1 10m0(

100ü 1m0t 1m 1mm 1m0( 100m 1m00 10m( 1m0(

D 1m( 1mt 100( 10m t0t1( 100( 1000 1mt 100(

50( 50t 50( 5m 50( 50 str 50( 50( .BKGD

1m 100 1m 1m '10( 10( 10( l0 t0( 100150m (each) - BKGD IBKGDo'ìlv

t 10 10 1( 1( 1( 1( 1olmm leæh)- BKGD |BKGDOnlv

H 1 1 I 1 1150m leach) - BKGD IBKGD orìH

The number of copies tested ranged from 1 to 500,000,

LOD samples were tested without human gDNA background.

Of the 10 organisms tested, I showed good dose-response curves, but 2
(ETEC and EHEC) showed poor detection and were excluded from the
fol lowi ng exper¡ rnent.
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Dose-response Graphs From Experiment 3
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For B organisms, LOD appears to be 10-500 copies

For EHEC and ETEC detection is not reached until10,000 copies

1000 flo 100 l0
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Dose-Response Graphs of Best Probes per Organism
From Experiment 4
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The average background of these 8 probe sets was determined from unspiked
human background samples.

The results were repeatable for these probes: the range of LODs was from 10 to

-750 copies.
illumrna'
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Experiment 4: Dose-Response Test (Fast GoldenGate)

'l 2 3 4 5 6 7 8t 9 l0l 't1 12

EPEC 2348/69 A 100000 50000 10000 5000 2500 1000 750 5001 250 1001 10

Shioella-flexneri B 100000 50000 I 0000 5000 2500 1000 750 500t 250 1001 '1 0

Aeromonas-ovrinoohilus c 100000 50000 10000 5000 2501 1000 750 5001 250 1001 10

Vibrio-parahaemolvticus D 100000 50000 1 0000 5000 2500 1000 750 5001 250 1001 10

Salmonella-tvohii E 100000 50000 1 0000 5000 2500 1000 751 5001 250 1001 10 Stool # 5
Campylobacter-ieluni 50000 1 0000 5000 2500 1000 750 500t 250 1001 1( Stool # 5
EAEC 042 G 100000 50000 10000 s000 2500 1000 750 5001 2so 1001 10 BKGD onlv
Vibrio-cholerae 01 H 100000 r0000 5000 2500 1000 750 s00t 250 100t 1( BKGD onIV

I organisms were tested without human background DNA using 22 selected probes.

The number of genome copies tested ranged from 10 to 100,000.
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Benefits to lllumina

Preliminary development of microbial diagnostics platform that can be
shopped to potential Dx partners

Demonstration of model where exploratory research is conducted with high
multiplex Sentrix platform followed by lower multiplex/higher sample
number screening is conducted on BeadXpress platform

(Very modest) revenue

Making the world better

illumrna'
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lan Lewis

Jo Yeakley

Bret Barnes

Matthew Harris

Charles Lin

David Barker

Cynthia Allred

Eliza Wickham

John Stuelpnagel

Semyon Kruglyak

Francisco Garcia

Philippe Rigault

Jian-Bing Fan

James Nataro, MD, Ph.D., University of Maryland
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